A method for the determination of imidacloprid involving hydrolysis in basic medium followed by gas chromatography-mass spectrometry and selected ion monitoring was developed. The hydrolysis product which was extracted with chloroform was found to be suitable for gas chromatographic analysis. Further, clean-up is not necessary using the selected ion monitoring mode.
Imidacloprid [1-(6-chloro-3-pyridylmethyl)-N-nitroimidazolidin-2-ylideneamine] is a systemic and contact insecticide introduced by Bayer (Leverkusen, Germany) and used for the control of mites present in vegetable crops. 1 The development, activities, mode of action and effectiveness have been described by Leicht 2 and its physical, chemical and toxicological properties have been summarized in pesticide manuals. 3 Tomatoes, peppers, cucumbers and green beans should contain no more than 0.1, 0.5, 0.1 and 0.05 mg kg 21 of imidacloprid, respectively, according to Spanish regulations. 4 High-performance liquid chromatographic (HPLC) methods for the detection and determination of imidacloprid include the method of Placke and Weber 5 involving HPLC-UV detection, which is tedious and requires a high solvent consumption, and the HPLC-diode-array detection method of Fernández-Alba et al., 6 covering the range 10-600 mg kg 21 .
Since imidacloprid has low volatility, gas chromatography seems to be ruled out. However, in this paper, a gas chromatographic-mass spectrometric (GC-MS) method is proposed for determination of imidacloprid in vegetable samples, involving prior transformation of imidacloprid into a volatile compound by hydrolysis in basic medium. A liquidliquid extraction with chloroform is performed on the hydrolysed product to ensure adequate extraction and preconcentration.
Experimental

Apparatus and Software
All chromatographic measurements were performed with a Hewlett-Packard (Palo Alto, CA, USA) system consisting of a Model 5890 gas chromatograph fitted with a Model 7673 Autosampler, a splitless injector for the HP-5MS fused-silica capillary column (30 m 3 0.25 mm id, 0.25 mm film thickness) and a Model 5971 quadrupole mass spectrometer, an HP-UX Chemsystem computer and proprietary software. The carrier gas was helium (purity 99.999%).
The mass spectrometer was calibrated with perfluorotributylamine (PFTBA) as a calibration standard every day before use.
The Statgraphics software package 7 was used for the statistical analysis of the data.
Reagents
All reagents were of analytical-reagent grade unless stated otherwise. Reverse osmosis quality water was used throughout.
A stock standard solution of imidacloprid (400 mg l 21 ) was prepared by dissolving the product (Bayer), (purity > 99%) in de-ionized water. The solution was stable for at least 2 weeks if stored in the dark at 4 °C. Working standard solutions were obtained by appropriate dilutions.
A 3 mg l 21 solution of [ 2 H 10 ]anthracene (Cromlab, Barcelona, Spain) in hexane (Merck, Darmstadt, Germany) (starting solution 100 mg l 21 ) was used as an internal standard. These solutions were stored also at 4 °C.
Procedure for Vegetable Samples
A 500 g amount of chopped fruit (tomato, cucumber, pepper or green beans), including peel and pulp, was homogenized for 5 min in a Eurostar-basic mixer (Ika-Werke, Staufen, Germany). A mixture of 20 g of sample and 100 ml of de-ionized water was treated in an ultrasonic bath (Selecta, Barcelona, Spain) for 15 min, then filtered through Whatman No. 1 paper, the procedure repeated again, and both filtrates were introduced into a 250 ml calibrated flask and diluted to volume with de-ionized water. The subsequent steps were as in the Basic procedure section in ref. 8 .
GC-MS Analysis
A 2 ml aliquot of the extract was injected using the splitless mode with the split closed for 2 min. The GC-MS parameters are given in Table 1 . We chose m/z 211 (base peak) as the target ion and m/z 126 and 99 as qualifiers in selected ion monitoring (SIM) analysis for hydrolysed imidacloprid and m/z 188 for [ 2 H 10 ]anthracene. The concentrations of the pesticide were calculated by the internal standard method.
Results and Discussion
Effect of Experimental Variables
Imidacloprid is not detectable by GC. Fortunately, the suitable volatility and thermal stability of its hydrolysed product [1-(6-choro-3-pyridylmethyl)imidazolin-2-one] in a basic medium make it suitable for the application of GC.
Using the hydrolysed voltaile product obtained, isolated and identified by the methods described in a previous paper, 8 we Analyst, June 1997, Vol. 122 (579-581) were able to identify and quantify imidacloprid by GC-MS. As the hydrolysis rate in basic medium is temperature dependent and very low at room temperature, we needed only 15 min at 85 °C to treat the samples, as we found experimentally.
The chromatographic peak area remained constant for at least 24 h. The chromatographic signal increased strongly when the NaOH concentration was increased, remaining constant if sodium hydroxide was used in excess. A 0.4 g amount of NaOH was chosen as adequate for the range explored, i.e., not more than 2500 mg kg 21 .
We used liquid-liquid extraction, selecting a 10 : 1 ratio with chloroform, the best of six different solvents tried.
The ionic strength, adjusted with NaCl or NaClO 4 , did not affect the extraction efficiency, and salty waters could be monitored.
Analytical Parameters
The calibration graph for the samples treated according to the procedure described above, monitored using the SIM mode, is linear for the concentration range 12.5-250.0 mg kg 21 . To check the linearity of the calibration graph, the lack-of-fit test 9 was applied to two replicates and three injections of each standard. Table 2 shows the results for the intercept (a), slope (b), correlation coefficient (r 2 ) and probability level (P) of the lackof-fit test. The data show good linearity within the concentration range indicated.
The detection and quantification limits were calculated from calibration data according to the method proposed by González-Casado et al. 10 It relies on studying the blank standard deviation in an interval of time corresponding to the peak width at its base, extrapolated to zero concentration. The results obtained are summarized in Table 2 .
The repeatability of the proposed method was checked on three series of ten samples having imidacloprid concentrations of 25.0, 125.0 and 250.0 mg l 21 . The relative standard deviations were 5.6, 0.7 and 0.3%, respectively.
Applications of the Method
The proposed method was applied to the determination of imidacloprid in vegetable samples (tomato, pepper, cucumber and green beans) from the agricultural area near Granada (Spain). The samples were treated and analysed as described under Experimental.
In all instances, the imidacloprid content of the samples was found to be lower than the detection limit of the proposed method (2.5 mg kg 21 ).
In order to check the accuracy of the proposed method, a recovery study was carried out on the above vegetable samples in order to check for possible future contaminations. Table 3 gives the results obtained.
The validation of the method for these samples was tested by using a recovery test (Student's t-test). 11, 12 Series of different amounts of vegetable samples were fortified with different levels of imidacloprid. The P-values calculated (31% for tomato, 19% for pepper, 30% for cucumber and 70% for green beans) are greater than 5% and so the null hypothesis can be accepted, i.e., the recovery is close to 100% in all samples. The results obtained are given in Table 3 .
Conclusions
A simple and practical GC-MS method for the determination of the pesticide imidacloprid in vegetable samples has been developed. It was applied to vegetable samples (tomato, pepper, cucumber and green beans) with good recoveries.
